Recently, Germanium and Germanium-Tin (GeSn) have attracted great interest to integrate nanoelectronics and photonics to realize more energy efficient circuits. Ge offers the highest bulk hole mobility amongst all semiconductors 1, 2 . Its integration into microelectronics was hindered mainly because of the poor structural and electrical properties of the high-k/Ge interface. Recent work on surface passivation of bulk Ge crystals 3, 4 and gate dielectric deposition on those surfaces 5, 6 has paved the way towards the integration of Ge into high performance metal oxide semiconductor field effect transistors (MOSFETs). Low bandgap semiconductors with a direct gap are particularly desired for novel low power devices such as tunnel-field effect transistors (Tunnel-FET). 7, 8 In this context, the electronic band structure of Ge can be tuned by applying biaxial tensile strain 9 or by Sn alloying 10 towards a fundamental direct bandgap which enhances the tunneling probability and thus the ON-current of Tunnel-FETs 8, 11, 12 . Vertical Tunnel-FET structures using strained Ge channels were recently proposed based on InGaAs 13 and GeSn
11
buffer substrates. Under biaxial strain both the indirect (L-valley) as well as the direct (Γ-valley) bandgap shrink significantly with strain and Ge becomes direct at a strain level of about 1.5%.
The alloying with Sn shifts the direct transition to lower tensile strains. In addition to a direct bandgap, strained GeSn layers offer smaller effective masses for both, holes and electrons 14 , making their use advantageous for drift based devices as MOSFETs. Tensile biaxial strain in Ge and GeSn alloys is very promising, however, its experimental implementation using a simple and
Si-based compatible process is challenging. The breakthrough in the growth of high quality prove the high quality of VS structure with no indication strain relaxation of the strained top. 
: Schematics of possible (a) MOSFET and (b) TFET devices based on tensile strained VS heterostructures indicating 1.4% biaxial tensile strain in the top Ge layers. (d) TEM micrographs of the strained VS structure. The inset shows the high crystallinity of the top h) Effect of biaxial strain on the (e,g) electronic band structure and (f,h) electron ructure of Ge and GeSn under tensile

/Ge using Ge bandgap as parameter (b) Calculated esonance frequency of trap levels in Ge for different temperatures and for Ge with strain level
The at the high-k/semiconductor interfaces when the admittance is be paid to the large minority carrier density levels at room temperature of about 1x10 5 nm HfO 2 on Ge, should be considered as upper limits due to the with majority as well as minority carriers The temperature dependence of the C-V characteristics for HfO 2 based gate stacks is shown in Fig 4c- Ge temperature dependence of the bandgap to strained Ge, we obtain the same C-V characteristics for the 1.1% strained Ge (Fig. 4c ) and strained GeSn (Fig. 4e) at 80 K close to the Ge at RT. Correspondingly, for 1.4% biaxial tensile strained Ge the bandgap energy increases from 0.54 eV to 0.63 eV from 300 to 80 K. As a consequence, the inversion response should be less pronounced than the one shown in Fig. 4f . In order to gain understanding of the inversion response we have performed numerical C-V simulations including a diffusion model 22, 30 of the MOS structures (details in SI). The modeling indicates that at constant bandgap but different carrier mobilities the inversion response increases with higher electron (minority carriers) mobility, while the hole (majority carriers) mobility has no effect. Consequently, the differences in the inversion response are an indication of enhanced electron mobility under tensile strain, in addition to the bandgap narrowing effect. This is also supported by the effective mass calculation presented in Fig. 1f ,h, indicating a lower electron effective mass (here minority carriers) in strained Ge as compared with the strained GeSn, for the strain values discussed here.
The lowest electron effective mass is calculated for 1.4% strained Ge which shows also experimentally the highest inversion response (see also 
